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ABSTRACT

This report treats of the results of Phase I of a three-phase post-
launch evaluation of Ariel II satellite engineering performance. Phase I is
the portion of the evaluation devoted to the reduction of telemetered data
and the preparation of plots, of satellite performance in engineering units
and of experiment performance in frequency units.. Three major areas of
interest are covered in graphical form, i.e., dynamical performance in terms
of spin rate decline, power system performance, and thermal performance. Ex-
periment performance is also displayed in the graphs, both for its own sake
and because it provides the basis for assessing dynamical performance.

The graphs truly represent the tangible result of the Phase I effort
which had no analytic findings as a goal. Thus, conclusions, in the normal
sense, cannot be stated; however, it has been concluded that in spite of data
deficiencies, the graphs provide a suitable base for Phase II and Phase III
WOTK TO I0llow. Dava usiivleuciss ars rundamcnially twe., One is tha incomnlatoe-
ness of records of telemetered data., Many passes of Ariel II over the ground
stations were not recorded, and, in addition, on many orbits few ground stations
were in the field of view of the communications system. The other deficiency
is the absence of direct measuring sensors on the satellite to provide infor-
mation about solar aspect and satellite orientation.

The next two phases begin at this point. These will be (1) Phase II
which is the explicit definition of spacecraft performance with interpretation

of the graphs, and (2) Phase III which is the analysis of why the performance

assumed the pattern revealed by Phases I and II.
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Introduction

This report describes the effort expended and the results achieved
under Phase I of the subject contract which is constituted under three phases.
Reference to Appendix I "Proposal for Ariel II International Satellite Post
Launch Evaluation” will serve to explain the relationship of the three phases
to the total undertaking. The proposal is a useful reference inasmuch as it
was recognized by the contract as the governing work statement for the programs.
Briefly stated, the scope of Phase I consists largely of data reduction, that
is, the conversion of the quantized frequency data into engineering units, and
the plotting of the parameters versus time. Preliminary analysis of the type
and quantity of data and of the anticipated scale of the variation was also re-
quired, under the scope of Phase I, to establish both the frequency of points
chosen for data reduction and the format of presentation. Results of the pre-
liminary analysis were summarized in a letter to the Technical Director. En-
closure I of that letter was adopted, with concurrence of the Technical Director,
28 2 euitoshlae nracadura for data reduction and presentation. Enclosure I is
included in this report as Appendix II. As stated in the referenced letter,
the scope of Phase I implicit in the adopted plan exceeded that outlined in the
proposal; consequently, downward adjustments in the scope of Phases II and III
have been anticipated as a means of compensating.

:The great bulk of the information conveyed by this report is contained
in the section called "Reduced Data". The graphs found there fit the three
categories cited in the letter of Appendix II. These categories are (1) single
orbit graphs (2) 200-day graphs and (3) special purpose graphs. Single-orbit
and 200-day graphs are plotted for the fourteen parameters listed in Table I

in the letter and, in addition, percent sunlight and spin rate are plotted for



the longer period. The plotting of solar aspect angle as a function of time is
properly a result of Phase II  since the rendering of this graph involves
interpretation of the data. Special purpose graphs are in 3 subdivisions:

(1) thermal stabilization graphs of thermistor data, (2) thermal gradient
graphs constructed from various combinations of thermistor data, and (3)
typical experiment responses.

At the initial commencement of Phase I effort, the state of data
availability was unknown. It soon became evident that data would have to be
requested from the United Kingdom. This new requirement to process data in the
United Kingdom has resulted in a program stretch-out by a factor of approxi-
mately six in time. Consequently the completion of Phase I and the Phase I
report has been extended by approximately 5 months beyond the original schedule.

Description of Data

The data reduced under the subject contract had four sources which

were:

LY

1) mrintamte of telemetry data from the Goddard Space Flight Center
having the format described as "Encoder Format" in the "Handbook for UK-2/5-52
International Satellite";

(2) printouts of telemetry data requested by the Goddard Space Flight
Center from the United Kingdom, involving only channel & (Satellite performance
parameters) of the encoder format;

(3) calibration and conversion curves provided by the Goddard Space
Flight Center and in a few cases by Westinghouse;

(4) Refined and Predicted World Maps of the UK—2/S-52 orbital path
which were useful for providing time, percent sunlight,orbital elements, and

orbital reference points.



Ttem (1) of the data existed prior to the initiation of the contract
and was the source of information for parameters such as spin rate, ﬁypical
experiment responses and the like. It was also the basis for developing thermal
stabilization curves for the first 10 orbits. Item (1) did not provide good
continuity of information for any orbit but, rather, was characterized by gaps.

Contrariwise, item (2) was the source which yielded continuous orbit
information. It had become obvious early in the program that incomplete real-
time coverage for any given orbit would render impossible the plotting of a
continuous record of any of the performance parameters. Consequently the use
of "composite" orbits was introduced, wherein data from a few (usually 3 to 4)
cont iguous orbits are used to provide a reasonably continuous cluster of per-
formance data. The United Kingdom people at Radio and Space Research Station
were requested to select continuous orbits approximately on a weekly interval
basis. The actual orbits chosen were selected to achieve groupings affording
the most complete data around the orbit.

kxamples oI Tne daita in Lus Iour cabsgericze are dienlaved d9n the
section on Data Processing.

Data Presentation Plan

The basic rate of performance and experiment response data from the
satellite to the ground stations was high. In the so-called high speed mode,
which was a real time transmission of experimental and performance data from
the satellite to the ground station, the data fromat was repeated every 4.654
seconds. Thus, it wasneither feasible nor desirable to plot all data points.

A data plan was formulated based on the anticipated analytical require-
ments and upon the expected rate-of-change of parameters. Normally, points have

been taken from the data at the rate of one every five minutes. This frequency




of data sampling was thought sufficient for all parameters except currents,
which have a modulation due to satellite spin. Since the spin modulated
variation normally is faster than five minutes, the maximum and minimum values
for the four-minute interval surrounding each five minute point were plotted.
To show the variation, complete data for one five-minute interval are plotted
for each composite orbit. As might be expected, overlapping of the data of
the constituent orbits in a composite orbit presented some difficulty.
Occassionally, the corresponding points in successive constituent orbits would
differ. If this difference exceeded one telemetry bit, which is the ultimate
resolution of the data variations, each point was plotted and identified as to
the source orbit.

Typical experiment responses were requested to be plotted by Goddard
Space Flight Center. In the case of the ozone spectrometer data, the graphs
plotted to show spin and sun angle variations also provide a sufficient basis

for showing the assumed degradation of the ozone spectrometer mirrors. In

""" RIS
v

s hove keen made nf anectrometer and broadband ozone
data showing typical responses at sunrise, at sunset, and in a period of full
sunlight. For galactic noise, data are plotted at apogee, at perigee and at
an intermediate altitude. Also, one entire orbit of 100 minutes of low speed
galactic noise data has been plotted. These are data which were recorded on
the satellite tape recorder and played back to the ground station at a higher
rate (48:1). By this means continuous orbit coverage is obtained on the re-
corded GN data. The term "low-speed!" is derived from the fact that initial
recording of the data took place at a slower speed (1/48) than the final play-
back.

Micrometeorite data were also plotted. These data serve as auxiliary

inputs for spin rate and to scme limited extent, sun angle, by virtue of the

L




fact that the height of the calibration pulse varies with sun angle. All data
are plotted on translucent sheets to permit easy combinations of graphs by
means of light table. Equal time scales on the abscissa of all graphs were
maintained for this reason also.

Combinations are anticipated to be made during Phase II to reveal the
interdependence of parameters. The 200-day graphs and the weekly composite-
orbit graphs afford means for observing both short and long term variations.

Data Processing

The basic key to data reduction was the Encoder Format, Figure 2-2
of the Handbook for UK-2/S-52 International Satellite,reproduced here as
Figure 1. Both the GSFC printouts and the UK printouts were based upon this
format.

At the outset, telemetry data taken at Blossom Point and other stations
and both refined and predicted world map data were supplied by GSFC. An in-
ventory of these data was compiled and is included.in Table I. A record was
gisu mads ficn She CSFC printoite to show when ozone data were available and
when broadband ozone and galactic noise data were avallable. Times were
correlated between the world maps and the GSFC printouts to establish on what
pass numbers specific kinds of data were available.

Examples of telemetry data pointouts received from GSFC are provided
by Figure 2 which illustrates High Speed Mode I operation, and Figure 3 which
portrays lLow Speed Mode I and Mode II operation. Each three-digit data group
is converted to frequency (kc) by dividing by 10 and adding 4. Thus a data
group of 054 in the printout from GSFC would be equivalent to an actual fre-
quency of 9.4 kec. Both experimental and performance parameter data are pro-

vided by the tabular printouts from GSFC.



ENCODER FORMAT

CHANNEL
o ' 2 3 4 1 s 6 7 8 sl wln 2] 3] 4] s
o 0 & PP 0Z TEMP |
0
‘ 2 e 0 MON CELL
1| syne mle mlwlmloe " ‘:P‘;ZZT‘;‘C:Z Mm|e wm |l ] m]a|wm
0 63 PP 0Z TEMP3
2 |o M| N ]|wm M |m N ow M N| W™ 'R VI Y »
1 1587 2 SPECT A
PP 0Z EMT
3 | swne 3 MON
o 78 PP
4 | _ 1 " ; D ) H 1 4 +18voc | " ' ) i H i
o 1333
s | syne R | sl a]lrile]sinr :P T‘T';:E" rRls|rlrlr]|s|nr
o 87 PP DUMPED
L 0 o|l oo 0 | & CURRENT ) o oo o
PP UNREG
w 7 | svne o o | o D ) 7 sus vours | ° D ol o )
E s |4 °° PP GN REEL OR
0 1010 8 REG+I12VDC
PP AR
9 | syne A A Y A A o cslz:'“m A Al ala a
K PP BATT
o]0 OR OR OR oR | o current | OR OR oR oR
1 904
nl syne s 8 s 8 :P ::UP‘ ) 8 8 B
12 ; 1wz.3 rr ravoiz -
0 8.3 12 TEMP
13 SYNG :’: :::E: SHELF]
NEE PP LOWER SHELF
1 744 14 TEMP
PP GN SW
15 | sync A B A 8 | s won A 8 A )

HIBH SPEED MODE ONE

rsvnc

OZONE SPECTRUM J

HIGH SPEED MODE TWO

LOW SPEED MODE ONE

[ swe BALACTIC NOISE | svc]
LOW SPEED MODE TWO
[swe Jot JozJo Joz o Joz | | 0z [ot [oz o Joz]or Joz] o]
4.5 KC

SYNC: 2522N8

. 154KC
Ls %’ 64.9NS

Olz 0Z PHOTOCELL

02: MON PHOTOCELL

85296A-VB-25

Figure 1



Inventory of

§5-52 Telemetry Data
from Blossom Point

U.K. Ch. 8 Data in Parentheses Buffer Start
Pass Mo, Ho. Date/Time Cover Date
1. (1, stations SOL, SHP) 001 88/0808  3/30/6L
2. (2, sta. SNP, MOJ, LIM, SOL) 002 88/1139  3/30/6L
3. 7, 8 (6, sta. SNT) 88/132l,  3/28-29/6)
h. 7, 8 (7, sta. WIK) 87/1918
5. 9 (10, sta. MOJ, MOJ, WNK, BPO) 89/0655 L/9/6);
6. 12 ; 003 88/1517  3/30/6L
7. 007 93/0808  L/1L/6k
8. 9, 12, 13, 23 010 88,/081) ,
9. 011 07/2105  L/16/6i
10. 011 86/075L L/16/6l
11. 22l 011 02/112} L/16/64
12. 013 05/0513  L/2¢/6l
13. 21, 22 017 18/2202
. Ll (100, sta. JOB, SOL, SNT, QUI, lMOJ 018 19/102¢ 5/11/6l
10, (191, sta. FT1, OCM, WilK, NFL 019 22/Q5ps
16. 121, 431, L32, L55 (23 sta. 0Q, JOE,NFL, MOJ) 16,/080% 1/28/6l
17. 653, 661, 667, 681 H.S. 33,158 5/28/6l
667, 681 L.S. ‘
18. 528, 533, 542, 572, 586, 600 2L/193%
19. 021 29/213)
20. 628, 642, 656 22 31/2021
21. 653, 65L, 658 2l 33/1519  5/20/6)
22. 667 26 3l/1hsE
23. 670, 68L 23 3L4/191¢  ©5/18/6L
2h. 758, 768, 770, 772 H.S. 25 L0/235:  £/21/6L
768, 770 L.5.
25. 782, 783, 810 H.S. 26 L2/1558 5/27/6L
782, 810 L.S.
26. SL/1355  6/11/6
27. sh/u3L  (/3/6L
286. 979, 1007, 1008 H.S. 56,/1206 6/10/6l
979 L.S.
29. 1011, 1040, 1049 H.S. 29 58/1620
1011, 1049 L.S.
30. 1109, 1137, 1147 H.s. 65,/1528 6/19/6
1109, 1137 L.S.
31. 1179, 1207, 1218, 1235 H.S. 70/132¢% 5/23/6l,
1179, 1207 L.S.
32. 1249, 1274 32 75/112)
33. 1291, 1316 70/1011
3. 134), 1358, 1372, 1390, 1400, 1.5, 52/0310 1/1/64
1418, 1128
13L), 1356, 1372, 1390, 1428 L.3.
35. 145, 1Lh6, 156, 1460 H.S. 39/0532 7/10/6L
s, 146 1.S.
Table I



Buffer Start
Pass No. " No. Date/Time  Cover Date
36. 1h7h, 1488, 1502, 1513 H.S. 91/0626  7/13/6L
17, 1513 L.S.
37. 1516, 1541, 15LL, 1568, 1572 9L/0510
38. 1586, 1611, 162L, 1638, 1642, H.S 99/030L 7/28/61
1653, 1657, 1667, 1681, 169,
1695, 1699, 1709, 1713, 1723,
1727
1586, 1653, 1664, 1681, 1695, L.S.
1699, 1709, 1723, 1727
39. 1582, 1793, 1797, 1806, 1811, 1822, Lo 12/22)¢. 8/3/6k
182
L. 1737, 1755 H.S.&L.S. 09/1700 7/31/61:
L1. 1853, 1866, 1880, 1881, 1892,  H.S. 17/2038  3/21/6N
1895, 1905, 1907, 1916, 1919,
1923
1866, 1880, 1881, 1916, 1892,  L.S.
1895, 1923 :
h2. 1935, 1936, 1948, 1952, 1966,  H.S L3 23/138  3/1h/6L
1977
1935, 1952, 1966 L.S.
3. 2036, 2046, 2050, 2060, 2061, H.S. L5 30/1632 8/21/64
2071, 2075
2088, 2093, 2103, 2107, 2117, 2121 L6 3L/073L 3/25/64
LS 131, 2135, 2148, 2149, 2162, 2163 L7 37/0806  8/28/6L
. 2177, 2186, 2188, 2202, 2206,  H.S. L8 1,0/1315 5/L78L
2215, 2217, 2219, 2233
2177, 2188, 2202, 2206, 2229 L.S.
L7. 2245, 2247, 2251, 2261, 2271 H.S. 149 L5/0608  3/L/64
48. 2277, 2285, 2289, 231, 2317,  H.S. 50 47/08511  9/10/64
_ 2329, 2332
- 22m, 2317, 2329 LS. L o
Ly. 23h2, 23uit, 2350, 2300, 23(U, Heo. 51 be/uess Y/ 11/6l;
2371
2342, 2370, 2371 L.S.
50. 238L, 2385, 2398, 2399, 2412 H.S. 52 55/0129  9/15/6l:
238, 2385, 2398, 2399, 2412 I1..S.
51. 2426, 2430, 2Luh, 2455, 2458,  H.S. 53 58/0007  9/21/6)
2)-126’ 2)430: 2241121: 2’-155'; 2)4589 L.S.
2169, 2Lh72, 2473
52. 24,83, 2485, 2486, 2L87, 2511, H.S. Sk 62/0002 9/22/61;
251L, 2515, 2525
21,83, 2485, 21486, 2487, 2511,  L.S.
251k, 2515, 2525
53. L files H.S. 55 65/0510 9/25/6L
2 files L.S.
5h. 56 67/2113 9/28/6L

Table I (Continued)




Buffer Start
Pass No. Ho. Date/Time Cover Date
55, 2253, 2656, 2669, 2639, 2642,  H.S. 57 73/2008  10/2/6)
2643
2653, 2656, 2639, 26,2, 2613 L.S.
56. 2670, 2671, 2605, 2695, 2709,  H.S. 58 75/0057  10/7/6L
2712, 2713, 2726, 2727
2670, 2685, 2712, 2713 L.S. A
57. 3 H.S. 59 79/1719  10/12/6l
58. 2783, 2798, 2822 60 82/2250  10/13/6}4
59. 2825, 2839, 285, 2855, 286k, H.S. 61 85/2125 10/16/64
2865, 2868
60. 2892, 2893, 2896, 2911 H.S. 62 90/1340  10/20/6l
61. 290, 2923, 293k, 2937, 29L7, H.S5. 63 92/1427 10/23/6L
2951, 2965, 2967
62. . 6L 96/1229  10/29/6L
63. 3018, 3032, 3060 H.S. 65 99/1057  11/2/6l
6. 307h, 3078, 3088, 3092, 3103 H.S. 66 03/0857  11/3/6L
65. 67 05/11i59
66. 68 11/13L2 11/17%/6L

Table I (Continued)



Inventory of World IMaps

Refined Maps

Month/Date/Time
Start End
03/27/1733 0k/01/2359
0l/01/1733 04/05/1733
0L/05/0005 0L/10/1127
04/10/0340 ol/1li/1040
0l;/1)/0208 ol/21/09LL
oL/21/02i7 oL/28/070L
0l /28/010l 05/05/07112
05/05/0017 05/12/0457
05/12 /0041 05/20/2333
05/26/1500 05/31/2359
05/31/1218 06/06/1127
06,/06/0100 06/12 /0000
06/11/1800 06/19/1300
06/19/0607 06/27/0000

Pre-Launch Prediction

Month/Date/Time

Start

An Ina /M Enn

W] Ay gy

End

na/oL/1An7
e Bl YA e ]

-196)-

Predicted Haps

lonth/Date/Time
Start End

03/27/1733 ol/06/2349
0);/91/0000 04,/08/0000
0l/07/0000 0} /13 /2000
oL/12/1600 0h/20/2352
0L/20/0000 oh/27/2359
0ol,/28/2°000 05/0L/2359
05/11/0000 05/21/2359
05/21/0000 05/28/2359
05/26,/0000 06/0l4/2359
06,/02 /0000 06/09/2359
06/09/0000 06/15/2359
06/15,/0000 06/22 /2359
06/22 /0000 06/29/2359
06/29/0000 07/06/2359
06/26/1900 07/0L/2300
06/25/0000 06/29/2359
(corrections)

07/06,/0000 07/14/0300
07/13/0000 07/21/0300
07/28/0000 08/0L/2200
08/0l;/0000 08/11/2200
08/11/0000 08/18/2200
OR/1R/0000 0a/25 /2200
08/25,/0000 09/01/2200
09/01/0000 09/08/2200
09/08/0000 09/15/2200
09/15/0000 09/22/2200

Table I (Continued)
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The telemetry data received from the United Kingdom, however, pro-
vides only satellite performance parameter information. The data comes in the
form of three-digit groups which may be converted to actual frequency by divid-
ing the data group by 10 and subtracting 5. Thus a data group of 144 from the
UK is equivalent to a frequency of 9.4 kc. An example of the telemetry print-
out received from the United Kingdom is shown by Figure 4 with the accompanying
descriptive sheet of Figure 5.

The two types of world maps generated by the computing facilities at
GSFC provide satellite orbital information. An example of the inputs to the
orbit prediction program is shown in Figure 6. The Predicted World Map includes
the following information:

a. the Satellite Map which provides three-dimensional geographic
position data for each minute of time as shown by Figure 7.

b. satellite orbital data relative to individual stations at roughly
one-second intervals as illustrated by Figure 8.

Ihe latter information is uselul lu deborwlinluy wisi LS1Smetiy data can o0
expected from a particular station. The Refined World Map furnishes the follow-
ing information:

a. interim definitive orbital elements at intervals of approximately
one week-~ illustrated by Figure 9.

b, a three-dimensional geographic position at one minute intervals
simlilar to that provided by the Predicted World Map.

c. a weekly satellite map of special points and some orbital data
as indicated by Figure 10,

The mechanics of data processing were greatly facilitated by using

masks of stiff paper to read the printouts. Rectangular apertures were cut in
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PRINTOUT

EXAMPLE OF PRINTOUT OF TELEMETRY DATA FROM THE UNITED KINGDOM
(CHANNEL 8 ONLY)
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DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH
RADIO RESEARCH STATION

Ariel II Housekeeping Data

As from 26th June 1964 the Radio Research Station will send at regular
intervals to Goddard Space Flight Center, satellite performance parameter
data reduced from the most recent Winkfield tapes.

This information will be presented in long printed strips, one for
each pass digitised. The following notes will be of assistance in inter-
preting these records.

1. The date, time of the day in hours, pass (revolution) number and recording
station are entered in the rubber stamped title block on each record.

2. OSync and data tone bursts are detected in the R.R.S. equipment between
one and two milliseconds before the end of the burst. The time at
which each frame sync burst is detected is printed out in minutes,
seconds and milliseconds in the 7 figure group which appears on the
left of each line of the print out.

3. The occasional asterisk in column 8 indicates that the time on this line
is that of the first sync burst in the 16 frame sequence, i.e. octal
numher 000.

4. Channel 8 performance parameter data are printed out in columns 9 to 1l.
The group of figures immediately on the right of an asterisk is
therefore parameter No. O - ozone temperature No. 1.

5. To convert these 3 figure groups to the corresponding tone burst
frequency in kc¢/s, subtract 50 and divide by 10. e.g. 179 becomes
12.9 ke/s. ' :

6. 888 in columns 9 to 11 means that this burst of tone could not be
digitised.

7. A cross (+) appearing in place of any digit indicates that a parity
error occurred.

Tth July, 1964

DNM/ESB
Figure 5
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the masks at location corresponding to the parameter being read. The apertures
were arranged in a vertical column for reading performance parameters which
appear in the vertical column in the encoder format, the number of apertures
corresponding to the frequency of occurrence of a particular parameter in
channel 8. The mask enabled rapid scanning to determine the maximum and
minimum values of current at 5-minute intervals. The apertures were arranged
in a horigzontal row for experiment responses and corresponded in number to the
occurrences of the particular parameter in a frame,

Inasmuch as no conversion charts were available to convert frequency
entries to engineering units for the experiment responses, experiment data
points were plotted directly as frequencies on the graphs. This method of
plotting was consistent with the intent of the program in that experiment per-
formance was not to be studied —-- only recorded. In the case of performance
data parameters, the frequency values were read from the printouts and trans-

ferred to an accounting sheet, illustrated in Figure 11, where the 14 performance

mmcmrmemd meim ccmene T mmnd ameanddt A dlean AAAS et S A M merr Aata cwaAantrne Prnam
PG--L CUUT UTL O Wil y.LG.vv\A. vrrﬂuva—v\. W ik N N N e i b it i D PR R A Rt I o TR ¥ o G e

the telemetry printouts were converted to frequency (kc) units as previously
indicated. In the column adjacent to the frequency data on the accounting
sheet, the corresponding engineering unit values for each performance parameter
were subsequently entered. These latter values were derived from the 14 con-
version charts supplied by GSFC and are illustrated by Figures 12 through 26.
Auxiliary conversion tables were constructed from the graphs to facilitate
data conversion and reduce the likelihood of graph reading errors.

Considerations of Data Utility

During the initial phases of the work on data reduction, the analytical

phase requirements were considered to direct the effort toward achievement of
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the most useful results. It is instructive to review here some of these con-
siderations.

First in importance are the factors bearing on primary objectives
1(a) and 1(b) as described in the proposal, included here as Appendix I. These
objectives are: 1(a) the unexpectedly rapid decrease ig satellite spin rate,
and 1(b) the satellite spin axis/sun line angle variation. It was concluded
that the following data would be required from the reduction effort.

a. The curve of actual vehicle spin rate versus days from launch
(0 to 200 days).

b. Time plots of raw ozone spectrometer data for one spin revolution
as availability permits:

1. on nominal weekly basis
2. at selected days corresponding to maximum, minimum, and
90 degree points.

¢. Time plots of raw DROD and IROD data for one spin revolution at
selected times corresponding to discrete aspect angico.

d. A time plot of raw solar cell current, Is’ for one spin revolution
at the point where the solar aspect angle approaches 180 degrees.

Spin rate information was derived mainly from the ozone spectrometer
data wherein the cyclic pattern of the experiment response produced by satellite
rotation could be correlated to time. By this means spin rate could be deduced.
An auxiliary means of determining spin rate was provided by the IROD and DROD
micrometeorite experiments. Observable pulses in the data were identified as
the result of the scanning action produced on the IROD and DROD detectors by

satellite spin.
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Pulses were produced as the sunline swept past the holes in the
aluminum foil strips and momentarily illuminated the detéctor. Sunlight
passing through calibrating slits gave rise to other observable pulses.

The establishment of satellite sunline angle variations was re-
garded as an output of Phase II but it was felt that time plots of the raw
ozone spectrometer data, of the raw IROD and DROD micrometeorite data, and
of the solar cell current would provide the key to an assessment; therefore,
for efficiency these data were processed in Phase I. Those plots of these
data which were specifically requested by the Technical Director are included
herein, but not all plots serving the sun angle determination are included.

Secondly, the Ariel II power system was studied from the standpoint
of desirable data for analysis under Phases II and III. In the case of the
power system, the parameters possess an intefdependence which is beneficial
in the assessment of anomalous behavior. Since space enviromnmental changes -
are a periodic function of orbit position over the short term, the compbsite
orbit plots were useful and satisiaciory. Tu gaugé the cffoctes of enviranmental
changes over the longer period, the 200-day composite graph was regarded as
satisfactory. The latter graphs were expected to show aging degradation in
solar cells. The power parameters plotted in Phase I are tabulated below:

(1) voltage on +15 regulated

(2) dumped current

(3) the unregulated bus voltage

(4) voltage on +12 regulated

(5) solar current

(6) battery current

(7) battery A temperature
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(8) paddle #4 temperature

(9) lower shelf temperature

The +15 and +12 regulated DC voltages have been plotted to determine
if they performed within design specifications in the space enviromment. It
is anticipated that these plots will be of utility in explaining the performance
anomaly in the 12-volt supply. In conjunction with the latter problem, the
temperature and unregulated bus voltage plots will have value.

The solar current, battery current and dumped current are algebraically
related in the sense that solar current in excess of that needed to power the
load and charge the battery is dissipated or dumped. The plots displaying these
data will be the foundation of a graphical analysis in later phases of the
effort.

lastly, considerations are presented which relate to thermal behavior,
a secondary interest as presented in 2(a) of the proposal in Appendix I.

It has been felt that the adopted scheme of weekly composite orbit
graphs plus the 200-day grapns will permil vomparisou ol actual thormal per—
formance with predicted performance as developed by GSFC. Plots of thermal
data covering the first ten orbits were made to indicate the thermal stabiliza-~
tion characteristic of the satellite. Unfortunately the data is not nearly as
complete during these orbits as would be desired for the purpose; however, no
improvement could be effected by any alternate method of processing the data.

Program for Phase II

Phase II is aimed at the definition of spacecraft performance, and
this will be done under the three topics previously discussed, namely, dynamical
performance in terms of spin rate and surline angle; power system performance;

and thermal performance.
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Insofar as dynamical performance is concerned, Phase II effort will
be devoted to defining the actual spacecraft performance and then comparing
it with the pre-launch predictions of performance for the following parameters:

a. variation in satellife spin rate

b. variations in spin axis/sunline angle

The principal effort during this phase of the program will be to
develop a plot of solar aspect angle versus days from launch. The ozone spec-—
trometer will furnish the principal evidence for this angle since it is basically
more sensitive to solar aspect than are the other sensors.

It had been assumed, prior to launch, that the angular momentum
vector, g; of Ariel II would be established at orbital injection and would remain
substantially invariant thereafter. Thus, it had been presumed that the satel-
lite spin axis would be initially aligned with the velocity vector at injection,
and the British team assumed that this spin axis orientation would be approxi-
mately maintained in space. Also, it had been presumed that when all yo-yo
weights, booms, and antennas nad besu dsplivysd, that the estoblichad wehinle
spin rate would not vary significantly over one year. For the case where the
spin axis is presumed fixed, the angle between the direction of the assumed spin

axis and the direction of the sunline--obtainable from The American Ephemeris

and Nautical Almanac, 1964 -- can be readily calculated as a function of time

from launch. However, preliminary examination of spin rate plots and ozone data
indicate that the assumption of a fixed spin axis orientation is invalid for
Ariel II. For this reason it is felt that a necessary investigation in Phase
1T will deal with this orientation problem.

The time plot of solar aspect angle, when obtained by various measure-

ments and calculations, will be compared with the comparable plot of solar aspect
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angle for the assumed fixed spin axis orientation. In addition, the time plot
of actual vehicle spin rate obtained from the data, will be compared with pre-
dicted performance.

Phase 11 of the program as it pertains to power system performance
is nearly accomplished when the Phase I plots are complete inasmuch as little
analysis is required to infer performance from available data as is the case
with dynamical performance. It may develop, however, that a graphical analysis
of power system operation in terms of solar current, battery current and dumped
current is instructive in providing a clearer insight into system operation.

Phase II in the thermal performance area will consist of reviewing
combinations of graphs of:

(1) both ozone temperatures

(2) spectrometer and upper shelf temperatures

(3) 1lower shelf and battery temperatures

(4) spectrometer A and lower shelf temperatures

The purpose here is to afford some ilnaication ol Llerwal gladisnts
in the satellite so that the total picture of Ariel II thermal performance
will be evident.

Conclusions and Recommendations

The available data is inadequate for complete analysis of the Ariel
1T performance on two major counts. First, the data on the first 10 orbits
has too many gaps to provide a good basis for establishing the character of
thermal stabilization. Secondly, indirect methods must be employed to infer
spin axis to sunline angle. The first case is the result of not recording
available satellite transmission at every station pass on the first 10 orbits.

Of course, the post launch evaluation and its specific goals were not anticipated
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or provided for in what was primarily the acquisition of experimental data.
On the second count, it is seen that the lack of direct data is the result of
not placing solar aspect sensors on the S-52, but here again, such instru-
mentation had no function in the fundamental experimental purpose of the
spacecraft.

In spite of the data deficiencies it appears that useful hypotheses

may be advanced and to some extent proved as a result of analytical study of

Phase I plots. Phases II and III will proceed immediately and will be reported.
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APPENDIX I

Proposal
for
ARTEL II INTERNATIONAL SATELLITE
Post Launch Evaluation
Negotiation J0160-2
21 September 1964

Presented to

GCDDARD SPACE FLIGHT CENTER
National Aeronautics and Space Administration

Greenbelt, Maryland

by

WESTINGHOUSE ELECTRIC CORPORATION
1625 K Street, N. W.

Washington 6, D. C.



Proposal for Conducting the ARIEL II International

Satellite Post Launch Evaluation

I. INTRODUCTION

This proposal describes the data reduction, data analysis, and theoretical
review of the ARIEL II telemetered flight results. In accordance with the
statement of work which has been prepared for this program by GSFC the
objectives have been considered in two categories. They are:

1. Primary Objectives

a. The unexpectedly rapid decrease in satellite spin rate.
b. The satellite spin axis/sun line angle variation.
¢. Power system performance analysis.

2. Secondary Objectives

a. Satellite thermal behavior.

b. Analysis of other subsystem performance as derived from tele-
meéusrsa data.
Westinghouse, as the original prime contractor to Goddard Space Flight Center
on this satellite program, is well qualified to perform this work. Key
personnel assigned will be drawn from former contributors to the design and
integration effort conducted on the prototype and flight satellites of the
Westinghouse ARIEL II progran.

IT. PROGRAM DESCRIPTION

The basic data source for this investigation will be orbital data print-
outs supplied by the Goddard Space Flight Center Program Office. These print-
outs contain universal time information and location of the tracking station

as well as telemetry frequencies. The Program Office will also supply required




ephemeral information, and will make available such data as has already been
reduced.

The program objectives will be pursued in a three phase division of effort
as described in the following paragraphs.

Phase I

Using GSFC digitized data printouts, convert the performance parameter
words to engineering units and plot as appropriate for the particular para-
meter being observed (graphs, charts, curves, etc.) as directed by the ARIEL
1T Project Manager.

Phase 11

The second phase will be the definition of actual spacecraft performance.
Using information derived from Phase I, prepare a report showing by use of
curves, charts or tables the actual spacrcraft performance as compared to
prelaunch predictions,

Phase IIT

Phase III will consist of an effort to develop ineoreLlcal Lases Lur
defining the departure of actual spacecraft performance from prelaunch pre-
dictions. An engineering report will be prepared on the information developed
during Phase III and including information previously developed in Phase I, II.

Phase T

During Phase I efforts the data coordinates will be plotted for short
intervals taken at an interval-to-interval spacing dictated by the indicated
rate of change of the variable in question. For example, in the case of the
IROD data it is suggested that one-minute intervals will be plotted with an
average interval spacing of one week. These preliminary choices have been made

in consideration of the anticipated utility of the data, which is the indication
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of spin rate. If the rate of change of spin rate for a given weekly interval
seems high, or if particular orbital altitudes appear to be of major interest,
additional points will be picked up. Conversely, if the rate of change is
shallow, weekly points may be skipped. The attention given the problem of
how much data to plot is vital to an economical performance of the program.
The intervals plotted will be as widespread as possible and the data plotted
per interval will be minimized.

Data checkpoints will be taken from the delayed read-out micrometeorite
experiment for additional verification of the IROD data conclusions.

Ozone spectrometer data will be plotted in similar fashion to that from
the micrometeorite experiments. Somewhat longer intervals may be chosen for
this data inasmuch as modulation caused by coning will be sought for in addi-
tion to that caused by satellite spin. It is also hoped that under certain
conditions the aspect angle of the sun line versus the satellite spin axis can
be deduced from this data.

It is understood that broadband ozone scanner has some aspéct sensliivivy
so that modulation of its output can be related to coning; therefore, it is
anticipated that this data would be plotted to a schedule similar to that of
the micrometeorite experiments.

The galactic noise data is not expected to be useful in connection with
this evaluation program and will not be plotted.

Ground receiver AGC may prove to be of value, if it is available, from
the standpoint of telemetry antenna aspect angle change. This may prove to
be redundant information, however, and definite conclusions as to the advis-

ability of using it will be deferred until actual data reduction commences.
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Thermistor data will be plotted on a schedule to be developed on the
basis of the observed rates of change. The thermal pattern for an orbit will
be established and then redetermined after an interval of a number of orbits.
Similar considerations apply to power system data, which will be useful for
the secondary objective (b), and also for the primary objectives (a), (b),
and perhaps even (c).

Phase TT

Phase II as applied to the dynamical satellite behavior primary objectives
(a) and (b) will involve surveying the reduced data from Phase I and checking
for correlation between it and GSFC conclusions previously drawn about space-
craft behavior. Attempts will be made to support conclusions about spacecraft
performance by means of more than one data input wherever possible but ex-
haustive correlation will not be carried out. Phase II will be more clear-
cut in relation to the remaining objectives and will amount to a task of
concise data presentation. It should be noted, however, that for performance
of Phase II in the area of secondary objective (2) a review of the ARIEL II
thermal analysis done by GSFC will be required before comparison can be drawn
between predicted and actual performance.

Phase III

Phase III as applied to primary objectives (a) and (b) will consist of
checking hypotheses which have been advanced by GSFC. For example preliminary
consideration of the despin question has led to the hypothesis that the ARIEL
II can be likened to an axial flow fan on which a velocity component along the
spin axis will manifest itself in a torque about the spin axis. To check such
a hypothesis requires correlation of the actual performance with that predicted

by a computation based on the hypothesis. Comparisons are necessary in terms




of magnitudes, frequencies, and phase angles of the functions where applicable.
Only the most likely hypotheses will be examined.

The ARIEL IT power system analysis will include comparing the actual sys-
tem operating characteristics to the theoretically predicted performance. The
areas which it is proposed to be specifically investigated are:

1. Anomalous behavior of the solar paddle current, the regulated +12
volt bus and the regulated +15 volt bus.

2. Battery voltage as a function of battery current and battery temperatufe.

3. Solar paddle current-time profile correlated with the sun line axis
and spin rate.

L. Regulated bus %oltages as a function of environmental conditions
(temperature, load, time).

The purpose of investigating the anomalous behavior of the power system
is to determine whether or not a fault did occur, and if so, what the most
probable failure was.

The investigation of the battery characteristics will attempt to relate
the predicted battery voltage as a function of time with the actual performance.
The investigation will include determining whether or not the redundant
battery charge was used, an estimate of the maximum battery discharge level,
and the battery charge efficiency. These data would be compared to the cal-
culated battery operation.

Information on the available solar cell power profile will be used to
check the assumed solar cell efficiency and aspect ratio. In addition the
solar cell degradation with time will be determined. Data regarding actual
solar cell degradation will be quite useful in predicting future solar paddle

requirements.
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The purpose of determining the variation in regulated bus voltage is to
compare actual regulation with that expected from the acceptance test data.

An attempt will be made to explain unexpected variations in regulated bus
voltage in order to improve regulator precision in future applications.
ITI. SCHEDULE

The proposed schedule of effort is shown in Figure III-1, in months from
go-ahead. Changes in this schedule, and in specific direction of investigation
taken, may be desirable from time to time. Such changes, as long as they are
within the scope of the total effort and cost, may be directed at any time by
the Goddard Space Flight Center Program Manager. Westinghouse will further be
pleased to negctiate changes in the scope of work at the pleasure of the
Program Office.
IV. REPCRTS

Monthly reports describing the status of progress on the program will be
prepared in accordance with Specification TD-S-100, August, 1962, Type I with
the exception that point (c) of paragraph 3.1 is regarded as not applicabpie.
This is a reference to the zchievement of reliability.

A monthly financial report prepared in the format of NASA from 7-16 will
be prepared and submitted at the same time as each monthly Type I, TD-S-100
report. |

In addition to the monthly reports, Phase reports will be submitted upon
the completion of each phase. The Phase III report will be prepared as a final
report and will contain a summary of the entire program. As directed by the
Work Statement rough drafts of the phase reports will be submitted to the

ARTEL II Project Office for approval prior to printing.
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V. PERSQONNEL

The key personnel designated for the ARIEL II post launch evaluation are
listed below, The special area in which each will work is given along with a
statement of their applicable qualifications.

Ralph I. Hauser, Fellow Engineer, Mechanical Design and Develomment

Engineering Section

Mr. Hauser will coordinate the program and also will participate in the
dynamical analyses. His experience includes 10 years of gyro design and appli-
cation. He also participated in the ARIEL II work at Westinghouse in the area
of design inertia control.

Frank C. Rushing, Advisory Engineer, Equipment Engineering Project

Mr. Rushing will contribute to the dynamical analysis. His 36-year career
as an engineer includes experience in dynamics of machinery. He holds 13
patents relating to vibration and balancing machinery and has been studying
attitude control of satellites for the past year.

Arthur Simmons, Engineer, Analysis and Control Section

Mr. Simmons has participated in design study contracts on satellite inertial
control mechanisms and on antimissiles satellite studies. He will work in the
area of ARIEL II Dynamical behavior.

Henry B. Airth, Jr., Senior Engineer, Magnetic Devices Section

Mr. Airth had design responsibility in the regulated power supplies for the
ARTEL II power system and will analyze power system performance.

W. Keith Stahlman, Engineer, Data Acquisition Section

Mr. Stahlman has performed mathematical analysis of data gathered from
electronic systems. He has participated in the interpretation of water velocity

and inertial instrument data to describe dynamical behavior of submarines. His

contribution will be in the area of data reduction and correlation.
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DATA PRESENTATION PLAN
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DATA PRESENTATION PLAN
The final product of the Phase I effort will be three sets of gfaphs
to be used in the Phase II and Phase III studies. Copies of the graphs will
be submitted to the Ariel II program coordinator in the Phase I final report.
The three sets of graphs are:

a. Single Orbit Graphs. Each graph will contain one parameter only

and will be plotted over an interval from an arbitrary O to 100 minutes.

Table I lists the parameters for which graphs will be made. Figures 1 through
14 are sample graphs of actual data. Each graph will be plotted on tracing
paper, with like time scales, 80 that several may be overlaid on a light table
for analytical purposes. These graphs will be constructed with data principally
from orbits 1, 2, 6, 7, 10 and the weekly orbits (b from paragraph 1). The
performance parameters will be read at 5 minute intervals, except for the
currents modulated by the satellite spin., In these cases, maximum and minimum
values will be read every 5 minutes from approximately 30 second intervals about
the 5 minute point. Also, on these graphs, several cycles of the signal will
be plotted to illustrate the modulation of the signal.

b. 200-Day Graphs. The principal inputs of these graphs will be

average values read from the graphs from paragraph (a) above. Where necessary,
points may be filled in using Blossom Point data. These graphs will be used to
show large scale trends. For this reason, the time scale will be no finer than
a day. Graphs will be made for the same parameters as above (Table I).
Ordinates will agree for like parameters, Figure 15 is a sample plot of assumed
data.

¢. Special Purpose Graphs. A number of special purpose graphs will

be made:
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(1) A graph of the first ten orbits illustrating the thermal stabili-
zation of the satellite. It will include the eight temperatures monitored,
aspect angle, and periods of sunlight and darkness.

(2) Graphs showing combinations of thermistor data. The follow-
ing combinations will be studied:

(a) both ozone temperatures

(b) spectrometer A and upper deck temperatures

(¢) 1lower deck and battery temperatures

(d) spectrometer A and lower deck temperatures

Graphs will be plotted for the day of maximum sunlight, the day
of minimum sunlight, the hottest day, and the coldest day.

(3) Graphs necessary to show typical experiment responses to chang-
ing conditions. These will include:

(a) Ozone Plots. Ozone spectrometer graphs showing a sunset
and a sunrise from the first week of flight. Additional ozone spectrometer graphs

over the 200-day graphs showing a sunset, a sunrise, and a rull sunilght period.

(b) Micrometeorite Plots. Micrometeorite graphs over the 200-
day period.

(¢) Galactic Noise Plots. Galactic noise graphs over the 200-

day period from times when the satellite was at apogee and perigee and at inter-
esting points shown with respect to apogee and perigee. One galactic noise

graph from an entire 100 minute orbit.
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TABIE 1

PARAMETERS FOR SINGLE ORBIT AND 190-DAY GRAPHS

Uses
o — - mte —
3 - Power supply
L4 - Thermal Behavior
0 0z Temp. 1, Mon. Cell L
1 0Z Temp. 2, 0Z Cell N
2 0Z Temp. 3, Spect. A L
4L +15 v 3
5 Tape Rec. Temp. L
6 Dumped Current 3
7 Unreg. Bus 3
g |12v 3
9 Solar Current 3
10 Batt. Current 3
11 Batt. A Temp. 3,
12 Paddle 4 Temp. 3, 4
13 Upper Shelf Temp. 4
U Lower Shelf Temp. 35 &
% Sunlight/Time in 3, 4 Obtained from world
and out of sunlight maps. Straight lines
for single orbit graphs.
Spin rate 1, 2, 3, 4 Obtained from ozone
and/or micrometeorite
experiments.
Sun Angle 2, 3, &4
113




